Electrophysiological responses based on electroantennographic detection (GC-EAD) and electroantennography (EAG) analysis of Naupactus bipes beetles (Germar, 1824) (Coleoptera: Curculionidae: Brachycerinae) were used to test volatile oils of Piper gaudichaudianum, P. regnellii and P. hispidum. In the EAG experiments, female and male beetles showed significant EAG response to the three volatile oils of Piper species, with the females' responses slightly higher than the males'. The experiments with GC-EAD revealed that some terpenoids (namely, α-pinene, β-pinene, myrcene, α-copaene and germacrene) present in the leaf essential oils of the Piper species are perceptible to female and male beetles.
The genus Naupactus, which includes more than 150 described species, is distributed in the neotropics from Mexico to Argentina, with the largest species diversity being found in Brazil [1] [2] [3] . Eight species of Naupactus are recorded as being citrus pests in the state of São Paulo, Brazil: the adult insect feeds on the leaves, whilst the larvae avidly consume the roots. Some species of Naupactus are considered to be largely polyphagous in their habits and no efficient control has been developed [4] .
N. bipes beetles have been observed feeding on Piper gaudichaudianum, P. hispidum, P. regnellii, P. arboreum, P. aduncum (host plants), and P. solmsianum leaves. Larvae of N. bipes were found feeding on P. gaudichaudianum roots and were capable of sequestering two compounds, chromone methyl ester and methyl taboganate, and transmitting them to the adult stage. After feeding on P. gaudichaudianum leaves, the adult insects sequester two additional compounds, gaudichaudianic acid and chromene, and transmit all of them to the eggs [5] . P. arboreum beetles were able to biotransform 3-geranyl-4-hydroxybenzoic acid, a major constituent of P. arboreum leaves, to its corresponding methyl ester [6] . An investigation carried out on N. bipes feeding on P. solmsianum leaves revealed the O-demethylation reaction at both para positions of 3,4,5-trimethoxyphenyl rings of the tetrahydrofuran lignan (-)-grandisin [7] .
Although some visiting insects are associated with Piperaceae species [8] [9] [10] , and volatile constituents from Piperaceae species have been studied [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , there are no reported electroantennographic studies to evaluate the ecological role of Piperaceae volatiles.
The aim of this study was to determine if chemical factors are involved in the specificity of N. bipes for Piper species. The specificity of the beetles' response was investigated by GC-EAD and EAG electroantennographic analysis of the essential oils of the plants. Essential oils from P. regnellii, P. hispidum and P. gaudichaudianum leaves were obtained by hydrodistillation. The EAG analysis using antennae of male and female N. bipes showed positive responses for the three essential oils, in agreement with the NPC Natural Product Communications 2012 Vol. 7 No. 8 1103 -1106 field observations (Figures 1 and 2) . With respect to the essential oil of P. hispidum, the antennae of N. bipes showed a positive dosedependent response (Figure 3 ).
The volatile oils of P. regnellii, P. hispidum, and P. gaudichaudianum (Table 1) were similar to those reported previously [13, 22] . Since significant responses of the antennae of male and female beetles were observed by EAG-measurements using the essential oil from P. hispidum, it was subjected to the GC-EAD system. When the essential oil of P. hispidum was submitted simultaneously to GC-FID and GC-EAD, compounds associated with peaks 1-5 (Figure 4 ) elicited responses from the antenna taken from an adult male beetle. The active components 1-5 were identified as the monoterpenes α-pinene, β-pinene, myrcene, αcopaene and germacrene, respectively.
In summary, the choice of host plant by N. bipes beetles appears to be stimulated by the presence of the terpenoids α-pinene, β-pinene, myrcene, α-copaene and germacrene. The hypothesis that a defined relative composition of volatile components influences the feeding behavior of N. bipes is being further investigated in the context of the remaining Piper species cultivated at our experimental site. Extraction and analysis of essential oil: Freshly harvested leaf material of P. regnellii, P. hispidum and P. gaudichaudianum was subjected to hydrodistillation for 4 h in a Clevenger apparatus. GC-FID analyses were carried out with a Shimadzu (3, Kanda-Nishikicho 1-chome, Chiyoda,-ku, Tokyo 101, Japan) model 17A instrument equipped with an HP DB-5 capillary column (30 m x 0.25 mm i.d., 0.25 m film thickness, cross-linked 5% phenylmethyl silicone. The oven temperature was programmed starting at 60ºC, held for 5.0 min, then increased at 3ºC/min to 80ºC and held for 1.0 min, then increased at 5ºC/min to 110ºC and held for 1.0 min, then increased at 3ºC/min to 155ºC, then increased at 20ºC/min to 250ºC and held for 1.0 min (total programmed time: 40 min). The carrier gas was helium at a flow rate of 2.5 mL/min (150 kPa pressure); the injector temperature was 250ºC and injection was splitless; the interface temperature was 280ºC. GC-MS analyses were carried out using the same capillary column, but with the oven temperature programmed from 100 to 280°C at a rate of 10ºC/min, and a carrier gas (helium) flow rate of 1 mL/min. EI/MS were measured at 70 eV with a Hewlett Packard model 5990/5988A spectrometer. Individual components of the essential oils were identified by determining their retention indices relative to those of a homologous series of nalkanes (Kovats index) [23] , by co-injection with authentic samples, and by comparison of MS fragmentation patterns with those either stored in the spectrometer database or reported in the literature [24] .
Experimental

Study site and plant material:
Electroantennographic detectors:
Antennae from male and female N. bipes were excised using forceps, and segments were cut off at the base and the tip. The antennae were then fixed between 2 stainless steel electrodes with the base and tip portions in direct contact with droplets of an electrically conductive gel (Spectra 360® electrode gel; Alliance Medical, Russellville, MO, USA) that had previously been applied to the metal electrodes. The electroantennogram (EAG) responses of the antennae of N. bipes were measured with an electroantennographic recording system employing an EAG recorder, an intelligent data acquisition controller (IADC), interface board, software for the AT486 PC and other peripheral equipment supplied by Syntech Laboratories (Davis, CA, USA). EAGs were obtained by releasing the test compound over the mounted antenna by air pressure from a Pasteur pipette containing a piece of filter paper (about 0.8 cm 2 ) that had been impregnated with 5 μL of a freshly prepared n-hexane solution of the test material. Subsequently, a similar release of solvent from a Pasteur pipette containing a filter paper impregnated with 5 μL of n-hexane solvent served as a negative control. The puff containing the test essential oil (from Piper species) was delivered into a continuously humidified and purified air stream (1.2 L min -1 ), passing for 0.3 seconds through the impregnated filter paper in the pipettes. Control stimulation was performed at the beginning and end of each series of EAG experiments. The test essential oils were then applied randomly at intervals of 60 seconds. EAG amplitudes in response to the essential oils were expressed in relation to the responses to the control (n-hexane), because of the large differences in overall sensitivity between individual antennae and to compensate for the decline in antennal sensitivity during a measuring session. In this normalization procedure, the responses to the control were defined as 100%. The values obtained between 2 calibration references (controls) were calculated by linear interpolation between those reference values. The Syntech EAG software calculated the normalized values automatically. The essential oils were tested on 7 antennae of N. bipes. The mean normalized responses of the different compounds were submitted to ANOVA for statistical analysis and compared by the Tukey test (P < 0.05) using GraphPad InStat Software (CA, USA). GC analyses with electroantennographic detection (GC-EAD) were performed with a Shimadzu 17A instrument equipped with a Supelcowax 10 column (30 m x 0.25 mm i.d.; 0.25 μm film thickness). The chromatographic parameters employed were the same as those described for GC-FID analysis except that the linear flow rate of the carrier gas (helium) was 50 cm/sec. The column effluent was split equally between FID and EAG detectors, and the responses were acquired simultaneously.
